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Background— Palliative shunts in congenital heart disease patients are vulnerable to thrombotic occlusion. High mechanical index 
(Ml) impulses from a modified diagnostic ultrasound (US) transducer during a systemic microbubble (MB) infusion have been used 
to dissolve intravascular thrombi without anticoagulation, and we sought to determine whether this technique could be used 
prophylactically to reduce thrombus burden and prevent occlusion of surgically placed extracardiac shunts. 

Methods and Results — Heparin-bonded ePTFE tubular vascular shunts of 4 mm x 2.5 cm (Propaten; W.L Gore) were surgically 
placed in 18 pigs: a right-sided side-to-side arteriovenous (AV, carotid-jugular) shunt, and a left-sided arterio-arterial (AA, carotid- 
carotid) interposition shunt in each animal. After shunt implantation, animals were randomly assigned to one of 3 groups. 
Transcutaneous, weekly 30-minute treatments (total of 4 treatments) of either guided high Ml US+MB (Group 1; n=6) using a 3% 
MRX-801 MB infusion, or US alone (Group 2; n=6) were given separately to each shunt. The third group of 6 pigs received no 
treatments. The shunts were explanted after 4 weeks and analyzed by histopathology to quantify luminal thrombus area (mm 2 ) for 
the length of each shunt. No pigs received antiplatelet agents or anticoagulants during the treatment period. The median overall 
thrombus burden in the 3 groups for AV shunts was 5.10 mm 2 compared with 4.05 mm 2 in AA (P=0.199). Group 1 pigs had 
significantly less thrombus burden in the AV shunts (median 2.5 mm 2 ) compared with Group 2 (median 5.6 mm 2 ) and Group 3 
(median 7.5 mm 2 ) pigs (P=0.006). No difference in thrombus burden was seen between groups for AA shunts. 

Conclusion — Transcutaneous US with intravenous MB is capable of preventing thrombus accumulation in arteriovenous shunts 
without the need for antiplatelet agents, and may be a method of preventing progressive occlusion of palliative shunts. (J Am 
Heart Assoc. 2014;3:e000689 doi: 10.1 161/JAHA.1 13.000689) 
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Extracardiac shunts (ECS) are commonly used for the 
palliation of patients with congenital heart disease (CHD) 
who are not candidates for early complete repair. 1-4 There are 
several forms of CHD where repair must be accomplished in 
stages. 2,5 After placement of a palliative ECS, a period of 
months may be required to achieve sufficient somatic growth, 
pulmonary artery growth, and fall in pulmonary vascular 
resistance to allow candidacy for definitive intracardiac repair. 
During that time, ECS occlusion can cause critical cyanosis 
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resulting in sudden death. 6-8 Even partial obstruction of flow is 
a major cause of mortality and serious morbidity. Clotting 
factors and platelets used at the time of surgical placement of 
ECS predispose to early layering of thrombus within the lumen 
of ECS, which potentially leads to cellular in-growth and a 
higher propensity toward occlusion. Histopathologic studies 
have shown that early thrombus deposition may lead to luminal 
in-growth consisting of fibrous tissue. 9 In a nonrandomized 
observational study of infants with systemic to pulmonary ECS, 
the incidence of shunt compromise was 12% and mortality at 
1 year was 26%. 8 In another study, occlusion >50% was noted 
in 23% of ECS examined at the time of elective take down. 10 
Younger patient age and smaller shunt size are predictors of 
thrombosis. 6,11 Efforts to maintain ECS patency have the 
potential to limit morbidity and mortality in CHD. 

Image-guided high mechanical index (Ml) impulses from a 
modified diagnostic ultrasound (US) system during a systemic 
microbubble (MB) infusion dissolve intravascular thrombi 
without the need for fibrinolytic therapy. 12,13 Cavitation and 
resultant shear forces that lead to a microstreaming phe- 
nomenon are proposed mechanisms for sonothromboly- 
sis. 14,15 Contrast MBs serve as nuclei for cavitation, 
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lowering the peak negative pressure threshold required to 
induce cavitation, thus enhancing the thrombolytic effects of 
US. Recently, the effectiveness of MB-enhanced US lysis has 
been shown in dissolving thrombi that formed on central 
venous catheters in vivo. 16 ' 17 However, no studies to date 
have examined whether this technique could prevent throm- 
bus formation in vessels or shunts at higher risk for this. 
Based on these studies of thrombi dissolution, we hypothe- 
sized that the microstreaming induced by MB cavitation may 
be an effective method to prevent the early thrombus 
accumulation (thromboprophylaxis) on surgically placed grafts 
that lead to subsequent intimal hyperplasia within the graft 
and resultant occlusion. Accordingly, the specific aim of this 
study was to examine the effectiveness of thromboprophy- 
laxis using US-guided MB treatments in arteriovenous (AV), 
and arterio-arterial (AA) shunts placed in a porcine model. The 
success was validated by the examination of histopathology 
of explanted ECS. 

Methods 

Porcine Models of Extracardiac Shunts 

The study was approved by the Institutional Animal Care and 
Use Committee of the University of Nebraska Medical Center 
and was in compliance with the standards in the Guide for the 
Care and Use of Laboratory Animals. Extracardiac AV and AA 
shunts were created in the same animal. Each procedure was a 
survival study and necessitated a sterile field and techniques. 
The pig was fasted overnight and pre-anesthetized with an 
intramuscular mixture of telazol (4.4 mg/kg), ketamine 
(2.2 mg/kg), and xylazine (2.2 mg/kg). Intramuscular atropine 
(0.05 mg/kg) was used to dry oral-tracheal secretions and 
prevent bradycardia during intubation. Following placement of a 
venous line in the lateral or medial auricular vein, the pig was 
intubated and isoflurane inhalation anesthesia (induction at 4%, 
maintained at 1.0% to 1.8%) administered. The animal was 
placed on a ventilator at a volume of 1 1 cc/kg of air and at a 
rate of 15 breaths/minute. 

Shunt placement was performed via surgical cut-down 
under full aseptic precautions (JMH). After the pig was 
placed under anesthesia and after preparation of the surgical 
site, a midline cervical incision was made. Through the 
incision, the right and left carotid arteries and jugular veins 
were circumferentially dissected. Heparin 100 Units/kg was 
administered and allowed to circulate. Two 4-mm diameter, 
2.5 cm long, heparin-bonded expanded polytetrafluoroethyl- 
ene shunts (Propaten Vascular Graft; Gore Medical) were 
implanted: one interposition within the left carotid (arterio- 
arterial, AA), and one side-to-side AV shunt from the right 
carotid artery to the right internal jugular vein. This shunt 
type is commonly used in standard of care clinical practice 




Figure 1. Surgical placement of extracardiac shunts. Representa- 
tive examples of surgically implanted right-sided arteriovenous (AV) 
shunt from the right carotid artery to the right internal jugular vein, 
and left sided arterio-arterial (AA) interposition shunt within the left 
carotid artery (black arrows). 

in humans. For the interposition shunt, each vessel was 
clamped proximally and distal ly and a 2.5 cm segment of 
vessel was excised. Each anastomosis was created with 
running 6-0 polypropylene suture (Prolene; Ethicon). Both 
anastomoses were completed before releasing the vessel 
clamps, ie, the graft was not clamped. For the AV shunt, 4 
clamps were applied - to the artery and the vein both 
proximally and distally - and all were removed when both 
anastomoses were completed. The grafts were observed 
until hemostasis, and then the incision was closed with a 
subcutaneous and a skin suture layer (Figure 1). The animal 
was recovered from anesthesia with continuous monitoring. 

Ultrasound and Microbubble Technology 

The lipid-encapsulated MB formulation MRX-801 (NuvOx 
Pharma) was used. These MB have a diameter of 
1.0±0.1 u,m, and concentration of 1.5 to 3.0x10 1o /mL. The 
MB infusion was prepared by diluting 2 mL of the MRX-801 in 
100 mL of 0.9% saline and infused at a rate of 1.0 mL/min. 

A commercially available US system (iE33; Philips Medical 
Systems) and diagnostic transducer (S5-1; Philips) were used. 
The US system had low Ml contrast sensitive imaging pulse 
sequences (Power Modulation) that were applied in between 
high Ml impulses to assist in the detection of MB. 

Ultrasound and Microbubble Thromboprophylaxis 

The 3 randomized groups tested were: (1) 2D intermittent 
guided high Ml with intravenous MB (Group 1); (2) 2D-guided 
high Ml US with intravenous 0.9% saline (Group 2); and (3) 
controls that received no treatment (Group 3). Randomized 
transcutaneous treatment Groups (1 or 2) and controls were 
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assigned immediately after surgical placement of ECS. The 
first treatment regimen (in Groups 1 and 2) was begun within 
2 hours of placement of the ECS, because it is anticipated 
that this is when significant initial platelet and fibrin 
deposition occurs. Thirty-minute treatments were given 
separately to each side (AV shunt on the right side, AA shunt 
on the left). The MB or 0.9% saline were infused through a 
peripheral vein. In Group 1, the application of brief high Ml 
impulses (1.1 Ml; pulse duration 20 (is; frame rate 20 Hz) was 
guided to allow replenishment of MB within the region of 
interest. Typically, the off time between high Ml applications 
was 2 to 3 seconds. This frequency and pulse duration for 
therapeutic US application was chosen based on previous in 
vitro work from our laboratory. 18 Pulmonary hypertension, 
mediated by the vasoconstrictor thromboxane has been 
reported in pigs after exposure to intravenous MB.' 9 This 



reaction is presumed to be secondary to species-related 
pulmonary intravascular macrophages; the macrophage 
phagocytotic process resulting in the release of thromboxane 
causing pulmonary hypertension. 20 Ketorolac 60 mg and 
methylprednisolone 40 mg to prevent pulmonary hyperten- 
sive responses to MB were administered intravenously in 
Groups 1 and 2 prior to each treatment. 

The oxygen mixture was kept at 24% during each treatment. 
Oxygen saturation by pulse oximetry, arterial blood pressure, 
and 3-lead electrocardiograms were measured before, during, 
and for 30 minutes after US and MB therapy. The animal was 
recovered from anesthesia after the treatment and returned to 
housing. The animal was brought to the laboratory for 3 
additional weekly treatments under anesthesia. The shunts 
were imaged using color Doppler US (4VC1 vascular trans- 
ducer; Siemens) before and after each treatment (Figure 2). 



Jugular 



Carotid 



AV shunt 



Jugular 



Carotid 



AA shunt 



Carotid 




AA shunt 



Figure 2. Transcutaneous echocardiographic images of extracardiac shunts. The arteriovenous (left 
panels) and arterio-artehal (right panels) shunts are demonstrated (asterisks) on 2-dimensional and color 
Doppler imaging, and during thromboprophylactic application of microbubbles and high mechanical index 
pulse sequences to insonify each shunt. AA indicates arterio-arterial; AV, arteriovenous. 
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A single experienced echocardiographer (JW) recorded Doppler 
data as good, reduced, or absent based on color Doppler 
information obtained from within the shunt. Settings of low 2- 
dimensional gain, high color gain, small color overlay, zoom 
mode, and a single focal zone were used to maximize the 
sampling rate. As the Doppler angles were inconsistent 
between the implanted shunts, spectral Doppler velocity data 
was not obtained. 

Explantation of Shunts and Analysis of Thrombus 
Burden 

Each animal was sacrificed at the completion of 4 
treatments in Groups 1 and 2, and at a similar time point 
in Group 3. Each ECS was removed and placed in 10% 
neutral buffered formalin immediately, and processed 
according to standard tissue processing techniques. The 
shunts were embedded in paraffin wax, sectioned, stained 
with hematoxylin and eosin for microscopy and reviewed by 
a pathologist (SJR). The separated section of each ECS was 
cut into 4-micron thick slices. Digital images of each section 
were taken through the iScan Coreo slide scanner (Ventana 
Medical Systems Inc) at x20 magnification. Images of 
histopathologic sections from the explanted ECS were 
reviewed by the pathologist (SJR), and under the patholo- 
gist's direction, a blinded experienced observer (JRA) 
performed quantitation of the in-lumen residue in each 
shunt using Ventana image viewer 3.1 software. The area 
inside the endothelial cell lining of the tunica intima was 
included in the measurement. Blood clots, significant vacu- 
oles, and components outside the intima were excluded. 
Areas calculated for each shunt section were added up to 
quantify thrombus accumulation (Figure 3). 

Statistical Analysis 

Mean, standard deviation, median, and ranges were deter- 
mined for continuous variables. Sample sizes were small and 
data could not be presumed to have normal distribution. 
Therefore, median thrombus burden was reported for US with 
MB, US with saline, and control groups, and the Kruskal-Wallis 
test was applied to assess differences among these groups. 
The Student's t test was used for comparison of hemody- 
namic measurements in treatment Groups 1 and 2. To assess 
the interobserver agreement, histopathologic thrombus bur- 
den measurements were repeated in 10 randomly chosen AA 
and AV shunts by a second blinded observer. Bland-Altman 
plots were derived to identify possible bias (mean divergence) 
and the limits of agreement (2 standard deviation of the 
divergence). A P value <0.05 was considered significant. 
Statistical analysis was performed using commercially avail- 
able software (Minitab version 16.1; Minitab Inc). 




Figure 3. Representative examples of residual thrombi within AV 
shunt. A, Section of an AV shunt in a Group 1 animal with minimal 
intimal thickening and no luminal thrombus. B, Section of an AV 
shunt with a mixture of blood, platelets and fibrin partially occluding 
its lumen. C and D, Sections of completely occluded AV shunts. The 
luminal composition was a mixture of platelets and fibrin with some 
endothelial cell ingrowth. In addition, mononuclear cells, collagen 
and areas of calcification were seen in some of the sections that 
were occluded. Green lines indicate software measurement tools for 
lumen and thrombus. AV indicates arteriovenous. 

Results 

A total of 18 pigs had a placement of 36 ECS (12 pigs for 
thromboprophylaxis protocols and 6 controls). The mean 
animal weight at the time of ECS placement was 
37.4±3.4 kg. Table 1 shows the hemodynamic measurements 
in all animals prior to, during, and after the treatments 
summarized for all 4 treatments. There were no significant 
differences in hemodynamic parameters between Groups 1 and 
2 with any of the randomized therapies. Color Doppler 
assessments of the shunts showed reduced or absent color 
Dopplerflow during 5 of 24 treatments in 2 Group 1 pigs: absent 
flow was noted during 2 treatments in 1 and reduced flow was 
seen for 3 treatments in the second pig. Among the Group 2 
pigs, absent or reduced flow was noted on color Doppler during 
8 treatments in 3 animals. These included 6 instances of absent 
flow in 2 pigs and 2 instances of reduced flow in a third pig. 
These color Doppler flow changes in both groups were mostly 
observed during the third and fourth treatments. 

Thrombus Accumulation in the Different 
Treatment Groups 

In the untreated animals (Group 3), the median thrombus 
burden in AV shunts was 5.10 mm 2 compared with 4.05 mm 2 
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Table 1. Hemodynamic Indices Compared Between Groups 1 
and 2 for All Treatments 





Parameter 


Group 1: Group 2: 
2D US+MB 2D US 
(n=6 Pigs, 24 (n=6 Pigs, 24 
Treatments) Treatments) 


P Value 


Before 
treatments 


HR, bpm 


86±19 


93±19 


0.26 


SBP, mm Hg 


104±15 


1 01 ±1 2 


0.56 


DBP, mm Hg 


50±12 


48±10 


0.63 


ACT, s 


1 1 9=1=7 


115±7 


0.16 


Sp0 2 , % 


99±2 


98±2 


0.08 


During 
treatments 


HR, bpm 


QQ=-1 £ 


oa± I □ 


0.18 


SBP, mm Hg 


108±12 


102±13 


0.10 


DBP, mm Hg 


57±13 


52±10 


0.17 


Sp0 2 , % 


95±3 


96±3 


0.68 


After 
treatments 


HR, bpm 


83±16 


88±15 


0.29 


SBP, mm Hg 


113±10 


107±10 


0.11 


DBP, mm Hg 


63±14 


57±8 


0.19 


ACT, s 


117±6 


113±7 


0.17 


Sp0 2 , % 


98±2 


99±2 


0.46 



ACT indicates activated clotting time; DBP, diastolic blood pressure; HR, heart rate; MB, 
microbubble; SBP, systolic blood pressure; Sp0 2 , systemic oxygen saturation; US 
indicates ultrasound. 



in AA shunts (P=0.199). In the AV shunts, Group 1 had less 
median thrombus burden (2.5 mm 2 ) in the AV shunts 
compared with Group 2 (5.6 mm 2 ) and Group 3 (7.5 mm 2 ) 
pigs (P=0.006; Table 2). Among the explanted AV shunts, no 
total lumen occlusions were observed in Group 1, whereas 
one AV shunt total occlusion was seen in Groups 2 and 3. 

Histopathology of the shunts demonstrated variable 
degrees of intimal thickening. The luminal composition was 
predominantly a mixture of organized blood, platelets, and 



fibrin; collagen, mononuclear cells, and areas of calcification 
were also seen in the sections that were occluded (Figure 3). 
Sections of AV shunt histology in pigs treated with guided US 
with MBs showed reductions in thrombus formation along the 
entire circumference of the vessel. No difference 
in median thrombus burden was seen among the 3 groups 
for AA shunts (4.05 mm 2 in Group 1, 4.25 mm 2 in Group 2, 
4.50 mm 2 in Group 3, P=0.895). Bland-Altman analysis 
showed good interobserver agreement for thrombus burden 
measurements as represented in Figure 4. 

Discussion 

Venous and arterial thrombosis is a common complication in 
patients after repair of CHD. The clinical implications of 
thrombosis after surgical procedures in CHD, including 
systemic to pulmonary shunts, bidirectional cavopulmonary 
shunts, and Fontan palliation are significant. 21 Thrombotic 
lumen occlusion is the usual cause for ECS failure 22 ; this 
development leads to significant acute mortality and morbid- 
ity in CHD. 6-8 No published randomized controlled trials are 
available to guide the thromboprophylactic management of 
patients with ECS, 21 so use of anticoagulation is a subject of 
debate. Although antiplatelet therapy has been studied 
extensively in adults, evidence for its benefit in infants and 
young children is limited. 10 While the use of aspirin was 
associated with a reduction in ECS thrombosis in some 
studies, 8,23 others have failed to demonstrate a beneficial 
effect. 24 In theory, aspirin alone may be insufficient to prevent 
arterial thrombosis because it inhibits only one pathway 
(cyclo-oxygenase) of platelet activation, and would have 
minimal effect in treating thrombi that would be expected in 
ECS. Moreover, the optimal pediatric dose of aspirin for 
inhibition of platelet aggregation is unknown. Aspirin is 
associated with Reye syndrome in infants and children, 25 and 



Table 2. Differences in Thrombus Burden for Explanted Shunts Compared Between Groups 



Group 1 (n=6) 
US+MB 


Group 2 (n=6) 
US Alone 


Group 3 (n=6) 
Control 


Thrombus 

burden in each pig 


AA (mm 2 ) 


AV (mm 2 ) 


Thrombus 

burden in each pig 


AA (mm 2 ) 


AV (mm 2 ) 


Thrombus 

burden in each pig 


AA (mm 2 ) 


AV (mm 2 ) 


1 


5.0 


2.5 


1 


3.7 


5.5 


1 


3.1 


10.2 


2 


1.4 


0.9 


2 


2.1 


2.5 


2 


5.8 


6.9 


3 


3.4 


1.9 


3 


2.3 


8.2 


3 


3.2 


4.4 


4 


4.4 


3.7 


4 


5.2 


4.7 


4 


2.0 


7.1 


5 


3.7 


2.8 


5 


4.8 


5.7 


5 


12.1 


7.9 


6 


6.2 


2.5 


6 


6.2 


10.1 


6 


8.7 


9.5 


Median 


4.05 


2.50 


Median 


4.25 


5.60 


Median 


4.50 


7.50 



AA indicates arterio-arterial; AV, arteriovenous; MB, microbubble; US indicates ultrasound. 
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0.50 




Thrombus area (AA shunt) 










+ 1.96SD 


= 0.42 








0.25 
0.00 






• 

• 

• 


0 

Mean = 
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-0.25 - 
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4 
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0 
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• 
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-1.0- 






-1.96SD 


= -1.13 






• 


-1.5- 












0 


2 4 6 8 10 

2-Observation Mean 







Figure 4. Bland-Altman analysis of interobserver agreement of 
residual thrombus burden in 10 randomly chosen AA and AV shunts. 
AA indicates arterio-arterial; AV, arteriovenous. 



may cause bleeding complications, particularly in the pres- 
ence of an underlying hemostatic defect or with concurrent 
thrombolytic therapy. 21 The use of fibrinolytic drugs has not 
been established in children, and carries significant risk of 
major hemorrhage. 

Attempted recanalization of acutely thrombosed ECS by 
catheter-mediated thrombus disruption or rheolytic thromb- 
ectomy 26 has been met with some success. Sub-acute ECS 
occlusion develops from neointimal proliferation in addition to 
thrombus formation within the shunt, so recanalization is 
more difficult in such cases. Therefore, treatments designed 
to locally prevent thrombus formation/reduce thrombus 
burden and maintain ECS patency would be ideal, and avoid 
these systemic complications. MBs coupled with US have 
been used to dissolve thrombi without thrombolytic agents, 
and also have been shown to enhance the effectiveness of 
exogenous tissue plasminogen activator. 13,27 In in vivo 
models, successful dissolution of arterial and venous thrombi 
is achievable with guided high Ml impulses delivered from a 
diagnostic US transducer. The advantage of this approach is 
that it permits simultaneous low Ml MB sensitive imaging 



pulse sequence schemes to detect the MB with the same 
transducer, and allows one to control the region in which 
therapy is desired. 12 ' 13 ' 16 ' 17 ' 27 

The present study describes the application of this 
treatment for thromboprophylaxis of ECS in vivo. An image- 
guided approach ensured the presence of MB near the shunt 
when the high Ml impulses were applied. Successful throm- 
boprophylaxis evidenced by low thrombus burden was seen in 
the AV shunts. The arteriovenous connection generates an 
intravascular pressure differential, similar to the Blalock- 
Thomas-Taussig shunt or Sano shunt used for CHD palliation. 
These shunts are subject to intimal proliferation due to shear 
forces of turbulent blood flow, and subsequent thrombus 
deposition on the irregular surface where blood flow slows. 

No statistically significant reduction in thrombus burden 
was demonstrated in AA shunts. This was presumably 
because of the (1) higher baseline flow rates and conse- 
quently lower predisposition for stasis-related thrombus 
formation, and (2) the relatively short duration (4 weeks) of 
placement. We speculate that the interposition shunts within 
the carotid artery (AA) had improved flow compared to the 
side-side connected AV shunts. For the AV shunts, there is 
the possibility of narrowing at the side-to-side anastomoses 
and turbulence of flow due to pressure differences between 
the vessels, which may have led to increased thrombogenesis. 

The safety and success of this noninvasive thrombopro- 
phylactic application in our porcine model increase the 
potential for translation to AV shunts in the human. Besides 
CHD, a potential therapeutic application of AV shunt throm- 
boprophylaxis is in patients with end-stage renal disease 
where the use of such shunts is very common. The application 
may also be particularly advantageous in infants and children 
because of the proximity of vascular structures to allow 
improved penetration of transcutaneously applied US 
impulses. Moreover, recent clinical trials have indicated that 
US contrast agents are safe and effective in children and 
young adults. 28 Comparisons of efficacy between US-MB 
thromboprophylaxis and pharmacologic (antiplatelet or anti- 
coagulant) prophylaxis require further study. 

Study Limitations 

The number of animals studied was relatively small and the 
duration of placement of shunts prior to explantation and 
histopathologic examination was 4 weeks. Considering that 
AV shunts in the human are placed for substantially longer 
periods of time, whether the same results could be extrap- 
olated for longer durations/older shunts is unknown. The 
purpose of this study was to explore the feasibility of 
ultrasound and microbubble prophylaxis, but further work is 
needed to explore this treatment approach in shunts placed 
for longer periods of time. 
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Evaluation for the possibility of soft tissue injury due to 
bioeffects associated with high-MI impulses from the trans- 
ducer requires further investigation. There is potential for 
unwanted US mechanical bioeffects at Ml>1.0, however, 
these are likely to be minimal because the US application 
used in the study was with a commercially available 
diagnostic transducer, and the high-MI therapeutic pulses 
were significantly lower than the Food and Drug Administra- 
tion recommended Ml limit for clinical use. The MBs used in 
this study have been successfully used in human trials as 
adjuvant for arterial sonothrombolysis. 29 Although these MBs 
are not yet commercially available, they are similar in shell 
composition and MB size to commercially available lipid 
encapsulated MBs. Finally, these results would only be 
applicable to AV shunts. Other palliative connections in 
CHD are also subject to thrombotic occlusion, and the role of 
thromboprophylaxis with US and MB must be explored in such 
settings, where attenuation of the US beam may play a role in 
achieving adequate inertial cavitation of the MB. 

Conclusions 

Transcutaneous US and intravenous MB are capable of 
decreasing thrombus burden in arteriovenous shunts without 
the need for antiplatelet agents, and may be a method of 
preventing progressive occlusion of a high-flow, small diam- 
eter expanded polytetrafluoroethylene tube graft such as the 
modified Blalock shunt or the Sano shunt. 
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